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TWO SPECIES OP PEGOMYiA Mixixci Till-: ki:a\'i:s op 
DOCK ' 

By B. W' I’KuST ' 

Instrmtor i>t I ' tttotrn'>loii\ , ! lu I 'i >: ft ^ ] 1, MUhi .S 7 ,j.V ( oVmff 
INTKOUl’y'TloN' 


The life history and habits of two U-af- milling AntlioinO^ls (/’. c/(>m>7.) 
spp.) arc presented in this paper for the liisl tinu‘. The (h^ks Kttm* \ 
a i^pus T. and R. ohUisifoHui are extensively iniin'd l^^ se\ i lal s(h ( it s 
of Pegomyia. Among these are two^, i*, calyplytiUi Zell, and /' iijpni\ 
vStein., which occur comiiioiily Ihrougliout the Vnited States }'. 
trala Zett., is l)y far the more comnupu of ihe two spreies, Ihe mhili 
is readily distinguished by a bluish-gray thorax and a redtfish yellow 
abdomen. P- afjinii Stein., on the oilier hand, is Kss eoinnion. U 
occurs about Ithaca, N. abuiidanllv in early suiiinu r, but hile: in 
the season no eggs, larva*, or atlults ha\ e Ik i ji found. This sjx t u s is 
distinguished In' its inconspicuous gray cohir 

THE MORE COMMON SIM-X IES. Pl-ionMVr A CAIOd’TiOX i .A 


uistdkicai. io:vii;w 


P. calypiratu Zett. was first tlescnbed by Zetterstedl (iS.pud siutt- 
that time there have been but few refen-nces to it. Stt in { i^O/ ), ( lv'^ ), 
and Paiidelle (1901)^ refer to this species, but ineulion nothing n garding 
its habits. This species lias undoubtedly been notiiad by nian'v, l>ul its 
identity has been unknown. In looking over some nnident ifu <1 material 
in the collection at Cornell University the writer f-piuid speenm ns M-an d 
by Prof. Comstock as early as 1882. Dr. A. O. Johaiiiism, also of Cor- 
nell, noticed the same species in 1913 inining (hxk, but did ,mt ]>nbhsh 
his obscrv'ations. 


‘ Coatribiition from the KnUanokjgicat Dcr'artmoil ui the Cornfll Lruvi-rMh A,,rinilii»Ml 
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DISTRIBUTION 

P. calyptraia Zctt., occurs in Europe as well as America, although 
it appears to be exceedingly rare in the former. Stein (1906)' neg* 
lects to list this species in his paper. Zetterstedt (1846)* mentions 
its cKcurrence in Sweden, stating that one specimen was taken near 
I^und by Mr. D, Dahlbom and a second at Vadstena by himself. Two 
specimens were also taken at Altenburg, Germany. In America it is 2. 
common species, especially in New York State, where the author has 
found it widely distributed. Stein {1897)* mentions its occurence in 
Washington, Minnesota, Illinois, Pennsylvania, and Massachusetts. 
I'o these the writer adds New Jersey and New York, having taken the 
the species at Ithaca, Binghamton, and Tarrytown, N. Y., and Orange, 
N.J. 

HOST PLANTS 

P. calypirata mines exclusively in the leaves of several species of 
Rumex. "Adults have been reared from R, obtusijolius and R, crispus. 
Both species of Rumex are equally susceptible to the attack of the 
miner. R. acetosa is evidently a third host plant. Eggs of P. calyptraia 
were found on this plant. They hatched and the young larvae entered 
the leaf, but the writer did not succeed in rearing adults. A large num- 
ber of adults of other species were reared from larvae mining the leaves 
of garden beets {Beta vulgaris) t spinach {Spinacia oleracea) and Swiss 
cliard {Beta vulgaris var. cic/a), as well as many weeds, such as Chenepo- 
dium album, Amaranthus retroftexus, and A triplex patula; but P. caiyp- 
trata was not obtained from any of these. 

A nunilxT of experiments were performed to induce the laiA^ae of P. 
calyptraia to mine in the leaves of other plants. Three eggs were care- 
fully removed from a dock leaf and placed on a beet leaf. Two days 
later the eggs hatched, but the lar\’ae died without entering the leaf. 
In a second experiment four second-stage larv^se were dissected from R. 
obiusijolius and placed on Cheno podium album. The following day the 
(our larvic were found dead. In a third experiment two third-stage 
lar\'ie from R. crispus were placed on C. album. The following day one 
larva had entered the leaf and fomicd a small blotch mine, but the next 
day the larv^a died. These experiments seem to substantiate the fact 
that P. calyptraia mines solely in Rumex spp. 

life HISTORY AND HABITS 

Eggs. — The eggs arc glossy white, and in the field are laid usually 
in groups of three to five, occasionally in groups of six or seven, but 

> Sticin, P, Din Ml* Btjic.\NKTivN Ge»op.\tstHgs* pBcOM YiA-.viiTE.\'. /» Wicccr Eat. Ztschr.. J^rg. 
t|f, HHt i ! iU , p. 47-107. 1906. 

* ZkttWSTBDT. J. W’. DlPTBRA st-<NPiN.\VL.e. V. p. 1775 . iS 4 <>; V, IJ, p. 4751, 183}. Liaulae. 

•Stbik, P. nord.O(EIUKANI5cbb - 4 N*THOMYinEN ... /« Bcflm. Ent. Ztschr , Bd. 41 (189;). Hrit j/4 
p. IJ9-14J. 386. 1898. 
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seldom singly. I'liey arc laid in neat transverse’ rn«s tli,’ nniU .sn, 
face of the leaf. In captivity, however, the eggs are seattererl ov. r Ik,|1, 
surfaces of the leaf and are fre<,uently laid singly insteiul e,f i„ gr„n,,s 
The number of eggs occurring on a single leaf is surprising. .\s a rule-, 
one finds only 5 or 6 groups, but it is not uncommon to find mori'. In 
one instance the writer found 20 groups of eggs on a single leaf, 65 eggs 
in all. On another leaf, 16 inches long, he found 18 groups of eggs, 
47 eggs in all. It is interesting to note that all the larva- fnmi ilasr- 


eggs did not mature within the leaf on w liich they wer.- lai.l, but migral.sl 
and started new mines on other leaves. The length of the egg stage is 
given in Table I. 
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LARVit. — The eggs hatch in fruiii two tn six (la\s, ami tlu \<ning 
larv'ac immediately enter the leaf, making small hnlts (lirfni;;h tin- Inwrr 
epidermis. All the eggs of a singh^ Iia(( h at tin- smiu- time, an<i 

til'* larvae feed in a common mine, whieli is at first linear. Tlu> lar\;e 
mine side by side, progressing only in a forward direction. Tin v keep 
close together, and all change their direction fjf mining at (lie same time, 
leaving behind them a short linear path (I’l. 28, Jlj hi aNntt a dav, 
although no definite time can be set, the larva> begin t»i (idar^e (heir 
mine laterally, forming a blotch. They still remain in a efimmoii mine, 
but separate in different directions. It is not an unusual sij^hl to si'e 
several such blotches on a leaf. Kach represents a mmdxr of larvie 
that have hatched from a single groiiji of eggs. These inc rf asc.* in si/e 
until they interfere with each other, and a larg(^ Idoteh is ptodneed, 
covering the entire area of the leaf. Mans of the larva: are naturally 
forced to abandon their mines and form new ones in other leases. The 
presence of nearly mature larvae in small blotch mines is an indication 
that they have entered fresh leaves (II. 28, Hj. 
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The writer has removed a larva from its mine and watched it form a 
new one. At first the larva cuts a short slit in the epidermis of the leaf. 
Then by inserting the mouth hooks in this slit and working them back 
and forth the lower and upper epidermises are separated. The larva 
then pushes t*he anterior end of its body into the small opening which 
it has made. After the first two segments have been forced into the 
leaf, it is only a matter of a few minutes before the larva works its way 
comi)letely within it. This operation is accomplished with many vig- 
orous twists of the body as it is drawn into the leaf. Larvae of the third 
instar bury themselves completely in tlie leaf in less than 20 minutes. 

The feeding habits of the larvae are most interesting and can be very 
conveniently watclied under a microscope by means of transmitted light, 
'['he pliaryiigeal skeleton (fig. i, A-D) bearing the mouth hooks, is 
loosely joined witliin the first and second segments and is capable of 
great freedom of movement. These move very rapidly when the laiA^a 
is feeding and are ^'ery effective tools for tearing away the parenchyma 
of the leaf. There are two distinct tyi)es of movement which the mouth . 
hooks possess. Kirst, a lateral movement; the mouth hooks arc turned 
per[)endicular to their nonTial position and work in the plane of the mine. 
They strike to the right for a short time, then to the left, separating the 
upper and lower epidermises but not tearing away any of the tissue. 
The second movement of the hooks is a vertical one. As the hooks are 
held in tlieir normal position, they are thrust downward, and pieces of 
the parenchyma are tom loose from the bottom of the mine. In the first 
case the two epidermal layers are only separated, w'hilc in the second the 
parenchyma of the leaf is actually removed. 

TAUtjv 11. I-K-uijih 0 / ihc hirml of Ptijornyin (alyfitraia 
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A 126 Miiv 23 I June 7 ; 15 

A 129 May 25 | June 10; 16 

A 135 M-‘y 29 I June 8 ! 10 

A 3<; July 3 i July 12 ! 9 

A 225 Oct. 8 Oct. 21 I 13 


Trom Table II it will be seen that the lars^al period varies somewhat. 
This vafiatioii is undoubtedly due to \veather conditions. During warm 
weather the larv’se mature rapidly, but during cooler weather the miners 
become ‘inactive, and the larv^al period may be prolonged several days. 
Unfortunately the table is not comjdete enough to show this. How- 
ever, it shows a tendency for a longer larval period in early May and 
October than in the latter part of May and July. 
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Fig. r.— .4 , pharyngeal skeleton of first jnsUr, Pt^my^ caly^ltala Zett ; P, jrh.>rvJiK‘ aI skrlrttm of 
instar, P. ea/y^/ro^a;^. mandibular sclrriteofsectmJ iostar, P. talyt>irata: }), {rbaryncpaKkrlH^ni <i/thjrd 
tnslar, P caiyftlraia; E. phariTiceal skeleton of first instar, P. affinit StHn ; tnaadibiilar •rlrfilc of 
first instar, P. G, pharyngeal skekton of sec«»d instar, P ajffinh,- U. pharyngeal ikeltUm /A third 

nutar, P. 
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Fokm.^Tion ok thK M;pARr.\. — The mature lanae escape through the 
cpidennis of the leaf, but seldom make their exit through a definite hole. 
Usually the upper epidennis Ix-conie dry and pacch men t like, rupturing 
itst If and allowing the lar\'a: to escape. vSometimcs the larvae cut circular 
iioles through tlie epidermis. They fall to the ground and ordinarily 
jK-netrate the soil to a depth of 2 or 3 inches. If the ground is hard, they 
ilo not enter, but form tlnir puparia beneath leaves or other rubbish. 
'['In* dejUh to whicii the larva! jx'netrate varies considerably. To determine 
thi>, a few experiments were perftjrmed with full-grown larva!. For this 
purpo.se a root cage was used, having a space of % inch between the glass 
and the back. Tliis space was filled with loose sandy soil. The surface 
of tile earth was covered to prevent the larvae from eacaping. This dark- 
ened the top of the soil and slightly altered normal conditions. 

Tw( “Illy -seven mature lan'ae were placerl on the surface of the soil. 
'I he fnllfiwiiig day cigiit pujiaria were found on top of the earth. The 
remainder of tlie larvae either failed to transform or escaped. In a second 
experiment 32 mature larva* were placed on the surface of the soil. Four 
larva* Iraiisforined f)ii the surface, six were found at a depth of 2 inches, 
one at a depth of 5 inches, and tw’o at a dejith of 6 inches. These experi- 
ments, tlumgli few in numlier, give some idea (T the deptli to which the 
larv;e penetrate loosely compacted soil. 

In captivity many of the larva foniied their puparia within the leaves. 
Mi ned leaves were collected in large numbers and put in receptacles to 
ohte.in pujuiria. In most cases tlie pu[)aria were found in the leaves or 
helwe< u the leave from whleh they had issued, A few of the larvic 
wandered aliont in an attempt to find a ine-rc suitable place in which to 
translonii. Iv\'idciitly many of the larxae under natmal conditions ne\ er 
enter tile soil. 

Ama/rs. — While working witli the adults, t!ie writer had an oppor- 
tiiiiilv to experiment with sc\ oral tyixs cT rearing cages. A cage similar 
ti> the Riley cage, covered with chee.seoloth on three sides and with glass 
on the four til, gave good results when large numbers of individuals were 
iisciU l>nt proved useless for individual jiairs of flies. Glass cylinder 
cages (PI. 20, P) yielded better results for this purpose, but ivere unsat- 
isiaclory because the adults escaped when the cylinders were lifted. 
The most satisfactory type of cage proved to betlieFiskccage (PI. 29, A,C), 
used a grcxit deal in the rearing of parasites by the United States De- 
jiartment of Agriculture at Melixise Highlands, Massachusetts, The 
small ojieiiing at the top readily permits one to introduce food, while the 
ring at riie Ixittom prevents tlie Hies from escaping. 

Ill spite of all the precautions in handling and feeding the adults, they 
did not Jive long in captivity. One male was kept alive for 18 days. 
Table III gives the length of life of the males and females as obtained 
from pairs that were kept in capti\nty. 
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Copulation frequently takes place a few lumrs afti-r the female issues. 
Flies that had issued during the night were observed in several easi-s to 
copulate during the following inoruiiig. In or<ler to induce copulation, 
good results were obtained by placing pairs iuh dram vials. They could 
be conveniently watched, and mating took place (juile readilN'. 1‘airs 
that were in larger cages usually dierl bebtre copulation took place. 
Copulation usually lasted alxmt 40 niiimUs; in <iiic ease it lasl<‘d for 1 
hour and 15 minutes. It is still unknown whellu r a se(‘(uid or later 
coj)u1ations take place. 

The number of eggs lair! was (obtained only lo' dissect jf>n About f>2 
ripe eggs w'cre found in a fertilized female. All tln-se are <’vidrnti\' laid 
during one ovijKisition j^eriod. 

NUMin-R OF (;KN*HRATn.t.NS.— The writer has bn 11 iinabh' to determitu* 
accurately the number of generations a y< ar, 'I'his is du<- to the repf ated 
difficulty he experienced in atteiiijits to laa p the adults alive for any 
considerable jx?riod of time, as well as the failure to fi!>lain b uiah’S to 
oviposit. Only four of many females expiuimented with laid eggs, and 
of these none laid more than five egg^. Under siieli ermditirms it was 
impossible to rear the generations thndigh from eggs to adulf^. How- 
ever, the number of generations was follow cfl (piitc accurate ly by obsr-rv- 
ing conditions in the field and comparing them with eonditious under 
observation at the insectary. 

The various generations overlap one another, and it is inqjrjssible to 
tell, from outside conditions alone, when one ends aiul the other Ix-‘gins. 
The terminations of the first generation can l>c plainly seen. For 
example, in the spring of 1916 the first flies to issue from puparia kept 
out of doors over the winter appeared on May 4. 1 he axlults continued 
to issue until May 16. The females began laying soon after emerging; 
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. those issuing from puparia in captivity laid in four or five days. This 
checks with condition in the field, for the first eggs were observed out* 
side on May 7. The larvae matured in from 9 to 16 days. Toward the 
end of the larval period they mined rapidly, producing conspicuous 
blotches on the leaves. The maturing of the first-generation larvae 
could thus be easily distinguished. After this it was impossible to fol- 
low the nuinber of generations by observation in the field alone. One 
can go out in the field any time during the summer and find eggs, larvae, 
puparia, and adults all at the same time. 

From a number of eggs laid in the spring by the females, overwinter- 
ing as puparia, the writer succeeded in rearing adults of the first genera- 
tion. These adults laid a few eggs, but none of them hatched. By 
bringing in eggs from the field at this time the writer reared adults 
of the second generation. This was continued through the summer, 
and a fair idea of the number of generations was obtained. During 
1915 and 19 [6 the writer obtained three and a partial fourth generation, 
i'he majority of the fourth generation were overtaken by cold weather 
and perislied. 

From Table IV it will be seen that some of the puparia formed in 
June and July, as well as those formed in September, did not give forth 
adults the same year that they were formed, but overwintered as puparia, 
and the adults issued the following spring. This seems to be a provi- 
sion of nature to insure the continuation of the race the following year 
in case all the individuals of any generation should perish. 
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• Adults issued the fotiuwms >-eur from pupanu kept out ol doors over the wiuter . 





vV\ UNUSUAL OCCI KRIvNCK WITH AlJi'l/lS. - fwil'C wliilc wniklll^ with 
the adults the writer ol)sen-T(I tlieni to issue ((-( t first from tlir iMijiariuni 
(PI. 28, F). In 01 u* case the fly succxcdi il in frn inj^ itself fioin the 
puparium, but the wings never exi'ianderl UMnnally. In the second the 
feet broke through tlie pupariuin, but tl)e lly did not siieeei d in work- 
ing itself free. It will be noticed from (In* i 1 Ius;r:i(ion that the lly’s feet 
arc extending from the posterior end of (lie [uiparintn, sliowing that the 
pupa was fonned in its normal position within the pu{>ariuni. 


I'RGDACIOUS AM) TAKASITIC KNKMtHS 

The writer reared two parasites from the puparia of P. dilypiraia^ 
Optus quehecensis Prov. , and Daenusa senpiomyzae Oahan. Thi*sr* were 
kindly determined by Mr. A. B. Gahan, of the Bureau of Pmtomology, 
United States Department of Agriculture. Several times the writer 
observed the latter parasite ovipositing in the larva of the miner. 
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When the i)arasite alights on the mine, the lar\'a becomes uneasy and 
gives several twists in an attempt to avoid the attack. Unfortunately 
the larva is pinned between the two epidermises of the leaf and has 
little freedom of movement. Thus, it is a simple matter for the parasite 
to insert its ovi[x>silor into the larva. The parasites transform within 
the puparia and issue somewhat later than the flies themselves. 

A third parasite was reared from the eggs of P. calyptrata and deter- 
mined by Mr. A. A. Girault as Trichogramma ^niniiUim Riley. Six para- 
sites issued frt>m three eggs, indicating that more than one parasite 
develops within a single egg. 

In addition to the parasites mentioned al>ove, a larva was attacked by 
an adult of Nabis jt^rits (L.). The writer also caught a nymph of this 
s]>eeies with its 1)cak inserted into the lar\^a of the leaf miner, sucking 
out the juices from its body. Nabis' ferns is a predacious species and 
has been known to attack the lan-a of Pegomyia hyoscyami Panz., the 
spinach leaf miner. 


DHSt'Kll'TION OF THli STAGES (JF PEGOMYIA CALYPTRATA 


— The egg (id. 28,0) is a dirty white, glossy, elongate, and nearly 
cylindrical in shape. It has a reticulated surface composed of ])olygonal 
areas. The inicropylc end is rounded or slightly flattened. The oppo- 
site end is distinctly pointed. Length 1.18 mm.; width 0.35 mm. 

I'tRST-sT.viE LARV.x, -Tlic iiewlv hatched larva measures 1.3 mm. 
It is creamy white in color and more or less transparent. The trachea 
and alimentary canal arc visible through the integument for the wliole 
lengtli of the l)od\'. I'lie first -stage larva possts.ses the same miinber of 
segments as the nialure Iar\'a, 12 visible segments, but the segmentation 
is not distinct, 'fhe b<Kly is rather smooth, except fur tlie minute fleshy 
ItK'oinotory spines, which are located on tlie iiiterscgmcntal areas and 
the margins of each segment posterior to the second. These fleshy 
s| lines are ai ranged in discontinuous tliickly set rows encircling the body 
slightly oblique to the edges of the segments. The first segment, 
“ p.seudo-cephalun " Uleniicguv) (Pi. 30, Iv), bears a pair of sensory 
papilla' a slunt ilistancc in front of the mouth opening. On each side of 
the “ p^eiido-ceplialon " there is a row of 12 to 13 minute button-like 
areas which extend dorsally from the mouth opening. The pharyngeal 
skeleton is slender and not as highly chitinized as in the later stages, 
'file luandibular sclerite is elongate and sermted, haniig about 1 2 sharp 
teeth. The anterior spiracles are closed, ^vhilc the posterior spiracles 
have single breathing pores. Tlie posterior ends of the trachea are 
slightly chitinized and appear as two parallel chitinized bars at the poste- 
rior end of the larvxi and are more conspicuous than the spiracles them- 
selves. 
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Second-stage larva. — The scgniciUaiion in the seomul-staKe larva is 
more conspicuous. Tlie alimentary canal ami trachea benmie t>hsi'uiva 
by the accumulation of fat ami the larva lx\-oines more yellowish iiioth^r. 
The “pseudo-cephalon/’as in the previous sta^iie, beam a paircT seusorv 
papilltC. In addition, it has a pair of two sej^niented aiUeim:e which are 
located slightly posterior to the papilLe and are not as closclv appoixi- 
mated as the latter. The pharyngeal skeleton is stronger and more highly 
chiLinizcd. The mandibular sclcrite is triangular ami hears four ti'ctli. 
The button-like areas on the side of tlie are pn^stmt 

but reduced to live in nmiiber. Similar to the first-stage larva the inter- 
segmental areas and edges of the seginents posterior to (ho second are 
encircled by several discontinuous thickly set niwsof niinute llcshv loco- 
inotory spines. These become less pronounced ])oslerioilv. There is an 
anterior spiracle on each side inserted he tween (he second and thiol body 
segments. Each spiracle has from 24 to 26 breathing [mucs arraiigcil 
about an oval slightly chitinized, flattened disk. The i)osicrior spiracles 
project slightly and have two iurn>w breathing ])ores. '1‘he anus opens 
between two triangular plates on the \'enter of the last si-gmcnl 

Third-sTagIv t.arv.a. — When mature the third stage larva measures 
from 9 to 9.5 mm. It is ycllowidi in coir)r, distinctlv sliiny, and beadlike 
in shape, especially when \ ie\ved from above, 'flicrc is a rcddisli aii.i 
within the anterior end ot the lar\ a which dis^appcais uhcii (he larva is 
preserved in alcohol. The “psCMido ceplialmi,” as before, bears in front 
of the mouth openinga pair of two jointed aiiieiuia, and info ml of tlx-sc 
a i)air of sensory pa])ilhe, h'ivc minute button like aieas are also ]>re -cut 
on the side of the “pseudo cephalon." The pharvngeal skeleton is e\en 
more highly chitinized than in tlie sei-ond stage larva, Tlie mandibular 
sclcrite resembles that of the secojui stage laiA'a, but bears lliiet* teeth. 
The intcrsegmenlal areas and erlges of the thin! to the last segmeut are 
encircled with minute flesh v loroiiiotory spines <as in the pn-vions stages. 
The posterior spiracles am bojue 011 short tiibereles and have three 
breathing pores. TheamisojKmsljelweetitivo triangular plates ( Id. ao, 1)). 
Table V gives the distingiiisiiing oliaiaeleis f-i the lliiee larval stages. 

Pi;pAkii’M. — The ptipariiim when tiist. formed is yellowish with a red- 
dish area at tlie anterior cml similar to that foumi in the larva, 'flic 
colored area soon disapjiears, and in aijouL two hours (he piiparium 
becomes reddish brown in color. The divisions of the segments are 
marked by a grayish iRiwdery substance. Ihe surface of the wgmenis 
are marked by fine annular stri.e. The triangular anal iihitcs of the larva 
are visible in the pupariuni. The adult in issuing breaks a piect fr^>in the 
anterior dorsal ixirtionof the puparium, including the first, second, third, 
and part of the fourth segments. The anterior spiracles of th^ larva are 
removed with the cap, which is broken loose, 'I he mouth hof^ks of the 
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third-stage larv^a can tlien be seen attached to the inner ventral wall of 
the puparium. 

Tabi.R \ —Distinguishing characters of the larval stages of Pegomyia calyptrata 


■■ ! 

l'Iidr4itrrs « Kirsl state. Scumd sLati'. , Third stage. 


Reddish area at an- Absent 

tenor end . ' 

Sensory papillne do 

liutton-hkc arciis on j 12 to J3 

sitJc of "pseudo- I 
cephalon. ’ 

Pharyngeal skeleUin | Slender, neakly 
[ clntinized. 

Mandibular scleritc ; FCIongate, serrated. 

! 12 teeth. 

i 

Anal sijiracle ()nebreathtngjK>re.| 


Absent . 


i , 


Present 

5 (PI. 30, 10 1 S- 


Stout, strongly chit-j 
inized. 

Triangular with long 
basal projection, 

4 teeth. 

T wo breathing porcstj 


Present. 
Do. 


Stout, strongly chit* 
inized. 

Triangular, basal 
projection short, 
3 teeth. 

Three breathing 
pores. 


THH LIvSS COMMO.N SPI-CIHS, PEGOMYIA AEFlNIS 
niSTORIC.M, REVIEW 

Tills species has almost escaped the keen eye of the systematist. It 
was described by Stein (1897)' as Pegomyia vicina Lintner. Later 
he noticed his mistake and in the same paper* named the new species 
"Pegomyia afjinis" Since tiiat time there has been no reference to 
this species. The writer describes for the first time the habits of this 
interesting anthomyid. 

DISTRinrTloN 

Little or nothing is known almut the distribution of P. affinis. Stein* 
records it rather abundant in ) Vnnsylvania, Vennont, and Illinois. 
The writer lias reared and collected specimens at Ithaca and Florida, 
N. V., and Arnidtsville, Pa. 


HOST I’1..\NTS 

/*. ojjniis, mines exclusively on Pumex spp. Adults have been reared 
from P. cri'<pus and P. obtnsijoliu.w It is possible that other species of 
Rnmex are attacked. 

LIKE HISTORY 

l-'r.os. — The eggs are much more beautiful than those of P. calypfrala 
and are pure white in color. They are laid in neat transverse rows of three 
to five, rafely six or seven, on the under surface of the leaf. They have 
never been found as abundant as those of the preceding species and 
never more than three or four groups have been found on a single leaf. 
The incubation period is given in Table VI. 

' STVIK, P. NOKlXAMSXlKAHISaB^A.VTHOM^'ICSN. /* B«lia. Eot. ZdtSchf., J*hrf, <?. p. 339*141. 

1*97 
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Table \ I. /ricw?)c2/io»t f'criod of tho <ygi if I\oom vui 


Kxpcronetit No. 




Lftti'hrtl 





A 1 19 Nftiy 1.} ; M.iv ji j 

A 125 M.iv iS j NJ.iv ,'} * u 

A130 M.iy ,',j I M.iv :;H 4 

A131 . M.i\' .s ili» . 


Larva. — The eggs hatch in from three to seven davs. All (he eggs 
of a single group hatch at the same time, ami tlic young larwe feed to- 
gether in a common mine. At first this is linear, hut soon the larva* 
separate in differetit directions and a lilotch mine is formed wliieli ui) 
scares the original linear track. Tlie mines produced on the leaves 
can not be distinguished from those of P. iiilyflrah}. 

TabI.H VII,- - I,nuj!k 0/ //.V fu n,>d of 


A2 

M..V 

M M.IV 

I,- 

A124 

M..V 

julll* ; 

i() 

Ai2,1 


him: S 

J.H 

A 12; 

M-.v 

22 jiini- 7 : 


AI43 

M.iv 

jniu: 1 \ ; 



From Table VH it \vill be seen dial the leiigih of (he larv.d juriod 
varies from 12 to 18 days. A larger miml>er of records would, jx i haps. 
show even greater varialion. This variation is due, as in ease (►f }\ 
Cidyplratd, to weather conditions. 

The mature larvre csca])c from the leaves 111 rough the enu’ked surface 
of the dried and parchment like mine. If the ground is not too liard, 
they penetrate to a depth of 2 or 3 inches; otherwisi*, (hev form their 
puparia beneath leaves or rubbish. 

NumbKR of GENKR.^TIn.^•s. "The writer is uncertain as Xn the mnnlK-r 
of generations. At first he confused the two s]>edes mining dfK'k and 
thought there was but one. Later he noticed his mistake, imt it was 
then too late to make definite oijserv'alioiis. I he few notes made s<*em 
to indicate that there are imt two generations a year. A }K)rtion of tlie 
first -generation adults issued in from 12 to 18 days; the rest overwin- 
tered as puparia and issued tlie following spring. It is lK'he\;cr! that all 
of the second generation overwinter as puparia and issue the f^dlowing 
spring. This secerns to be the case, l>ecause the eggs ami larvae this 
species were not found after the end of June. 
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Table VIII shows the tendency of the first generation to produce some 
puparia from which adults issue the same year and others that over- 
winter and from which adults issue the following year. The species is 
like R, calyptrata in this respect. 


Tabuk VIII. — h'tndency oj individMols of the first geturation to overwinter 


dj puparia 


ivXfxriTnnit So 


Ai.^. 
AiJ 
A[o 
A 13 . 
AI6. 
AI9 , 


N umber 
of pupa- 
ria. 

lSi(>ariiun 

lunnrd. 

Adults 

isiiurd. 

i 

: Xu/ntjrr of 

1 adults. 

i 

XiimbtT 
j ofday.s. 

4 

June 9 j 


I i 

24 

3 

. . .do 

May 

3 9 j 

333a 

3 

. . do 

July 3 

1 e 1 

24 

<) : 

June 1 1 

May i 6 « 

1 e \ 

342a 

4 

June 24 

May 6 «' 

I cf 2 9 ! 

3 ^ 9 “ 

4 ■ 

July r 

. . .do 

1 3? 

3 i 3 « 


“ OVfrwintrrvtl as puparia aiul issiinl the fuUuwitiK spring 


DHSCRirTlON oK STAGES 

Egg. — T he egg is pure white, waxy, and elongate, with a delicate 
reticulated surface. This reticulation consists of rectangular areas 
arranged about the egg in parallel longitudinal row'S, giving the egg a 
very regular and beautiful appearance. The niicropyle end is slightly 
fiattcned. Tlie opposite end is rounded. length i mm.; width 
0.35 mm. 

First-stage i.arva. — The newly hatched larwa measures about i 
mm. It is translucent white in color, and the trachea and alimentary 
canal arc visible tlirotigli ilie integument for the entire length of tlie body. 
The IkkIv is decidedly smooth with the exception of the intersegment al 
areas and tlie posterior aspect of the last segment which are covered 
with many transverse rows of lleshy locoinotorv spines. Anterior to 
the mouth opening there are a ]iair of sensory jiapilla'. The tubercles 
on the posterior aspect of the last segment are not distinct. The poste- 
rior spiracles arc l>orne on short stalks and have single breathing ]>ores. 

Second-st.uuo i.arva. — At first the trachea and alimentary canal are 
visible through the integument, but stKiti th.ey become obscured bv the 
accunuilaiion of fat. d'he ^^Ilo^e body is minutely roughened, especially 
so on the iiitcrsegmeiital areas and the edges of some of the segments. 
This roughening is caused by transverse rows of minute fleshy locomo- 
tory spines, as described in the first -stage larva. The pliaryngcal skele- 
ton is strongly cliitinizcd, and the mandibular sclerite bears two well- 
defmed teeth and several smaller ones. Anterior to the mouth opening 
are a pair pf two- jointed antemise, and in front of these a pair of sensory 
papillae. On each side of the “pseudo-ceplialon” are a row of minute 
button-like areas which extend from the mouth opening dorsad. The 
posterior spiracles have two breathing pores. 
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Third- ST AGE larva. — The third-stage lar\’ii n^senibU^s very iiujch 
the previous stage, but is a dirty white in color. The UKDinolory spines 
on the intersegmental areas are more conspicuous than in the st^xind- 
stage larva. They are usually rendered visible to the naked eye by 
means of the dirt which catches between them. As in the previous stage- 
the “ pseudo-cephalon ” bears a pair of two- jointed aiileniue and a pair 
of sensory papill® in front of tfie nioutli cavjty. The anterior stiiraclt'^ 
consist of oval slightly chitinized disks surroumled by alnnit 24 breathing 
pores. On the posterior aspect of the last segment are si.v small tidxT- 
des surrounding the spiracles in a semicircle on the ventral side, The 
posterior spiracles have three breathing jwres. 

PuPARiUM. — The pupariuni is white or slightly creamy in culnr when 
first formed, but in about two hours it turns dark brown or almost black. 
When the puparium becomes dry, it turns grayish in ctdor. The two 
anal plates of the larva are visible in tlic jnipariuni and arc surn)nnded 
by a ring. 

COMPARISON OK THK TWO SI’HClKS 

A comparison of the characters of the tw’o si>ccies is given in 'table J X. 

Tabi^R \X.. ~('omparison <>/ ihe (haradt'TX of i>il\piTy\Ui i\»d I' alftnis 


CharaOers t jtyi'truta "f***’' 

liGGS. 

Color W'liitt , glossy Wlntr. u.ixy. 

Shiinc i^>intt‘4l iit om- mfl pciniflrfl at Ih)1|i nuK 

Reticulations {\)lygimal |{t‘< t.iiixul.ir 

LAKVA. 

0>lor I Villow, sliiny , OiO v "loli-. 'lull. 

Mouth ho-' >ks ! With three trctii \\ Hit four it » f Ii 

- together, smaller than Not t l..se l.ij^t llH f , al^nt s;inie 

j aut^ TiiM, si /«• as anil tiiM 

Posterior end ' Not distinctly Inbi reul-Hi' Jiistiiutly tuhereiilatr, 

i>rp.\RiT M. 

Color Pnnvii hI-“ J- 

Seginenlaliuii , lieadlike ' 

ADtxr. 

Color AV.domcn ydl -v. ilior.tx Ahdoim n .md thorax gray. 

hluLsh gray. 



PLATK 28 

A. -KkKS Pi’goinyia aj^inis. 

II. -Parasitized c^gsof Pegomyia calypirata. 

C. -I*'kK 3 of Pegomyia calyplrata, 

I) A stnall mine on Rumex leaf, showing the original linear mine and the begin- 
ning of the blotch mine. 

Iv -A typical mine on Rumex ohlusifoliux produced by the larva of Pegomyia 
calyptrata. 

Iv -A monstrosity, an adult P. calyptrata issuing feet first from itspuparium. 

G, — A typical mine on Rumex crispus prodticcrl by the larva of Pegomyia calyptrata, 

H, —A mine on Rumex obtusifolius , produced Ijy a nearly mature larva entering a 
new leaf to complete its development. 
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Plate 29 







PLATE 29 

A.—Fiske cages, used in studying the adult flies t>f Pegomyia spp., showing Oie 
arrangement in outdoor inscctary. 

cylinder cage, used in studying habits of adult flies. 

C.— Fiske cage, used in studying habits of adult flies. 

1065 ^ 3 '’—19 2 



PLATE 30 

A. —Ventral aspect of posterior seg^ment of larva of Ptg<myia a^nist showing lobes 
and anal opening. 

B. — Lateral aspect of posterior segment of larva of P. showing tubercles. 

C. — Lateral aspect of posterior segment of larva of P. calyptraia. 

D. — Ventral aspect of posterior segment of larva of P. calyptraia, showing lobes and 
anal opening. 

li.- Pseudo-cephalon" (Hendeguy)of P. calyptraia '. a, button-like areas referred 
to in text; ft. sensory papilla; c, antenna; (/, mandibular sclerite; e, anterior spiracle. 

K.— Posterior spiracle of larva of I\ oilypirata. 





INFLUENCE OF FOREIGN POLLEN ON THE DEVELOP- 
MENT OF VANILLA FRUITS 


By T. B. McCleixasd* 

HortkuUHrist, Potto Rico AgricMlUtal Expttimut Stotioo 
INTRODUCTION 


The Agricultural Experiment Station at Mayagucz, Porto Rico, has 
been conducting experiments for a number of years with a view to tire 
establishment of vanilla growing on a commercial scale in Porto Rico. 
Material representing many species of Vanilla lias Ixeii obtuiiied, and the 
adaptation of these species to Porto Rican conditions is l)eing studied. 
The questions of pollination, fertilization, yield, and character of the 
finished product have been given attention. The two tyjX'S of minomic 
value are Vanilla pianifoliat a plant having a sU^nder ikkI of high 
quality, and the “ vanillon” type, which has a shorter, thicker jkkI greatly 
inferior in quality and market value to the i)od of V. ptanijolui, but 
which possesses a marked advantage in the ease with which it may 1 h* 
cured, since on ripening it does not split open if allowed to remain several 
days beyond a certain point in ripening which is difiicult to determine, 
as the change in color is slight. 

Since the production of hybrids prestjited alluring j)ossibililies, various 
reciprocal crosses were made with a view to the dev-elopim ut (jf valuable 
strains. It soon appeared that these fruits of these hyl>nds were notiee- 
ably different from the others on the same vines. In order to study lliis 
phenomenon, numerous additional crossis were sul)se(|nently made. 
The data presimted lx*lo\v show an immediate inihunee of the foieign 


iwllen on the form of the fruits. ^ 

Only a very small percentage of vanilla blossoms are i)ollmatt d by 
natural means in I'orto Rico. In a s<Ties of lilossims of V. /./.jmi/o/w 
under observation by the writer at the I'otto Rico lixiH-rnnenl Station 
only 1.5 per cent of the blossoms were so pollmatecl. 

In hand pollination the usual method and by far tin- simplest is to use 
the pollen of the same flower. Where indlen from another flower o the 
same species has been applied, no resultant change m the form of the 

fruit produced has been obscrvx'd- 

The typical well-developed fruit of V. phnijoHa fnuii a close -fertilized 
blossom is a long slender capsule tapering at the stem end but carrying 
its fullness well down toward the blossom end. It contains thousands 
of tiny, oily, black seeds. 


' ' ^ .. . . 1,. [ir H J W^jber. OcanufU>«Or»<ltu*lrSOMjol 

» The writer wishes to acknowledce his lodcbtolne..? to Or M j , 

oT Tropicml A»ri«iHiiie, Uiuvmity vi CaWomia. lor suggest^*. 


Vol.XVI, So.'i 

Journal ol Agricultural Research, 

WMhiii*to«i.I).C. ^ KrvNo. H-»<S 



Journal of Agricultural Research 


xvr. No. 


246 


The other type of Vanilla spp. on which data are here presented is 
termed “ vanillon." Under this name are grouped a number of varieties 
or species other than V. planijolia which, though presenting distinct 
differences, agree among themselves in having large yellow blossoms in 
contrast to Vbe much smaller, paler, greenish blossoms of the V. plani- 
jolia. The fruits are much thicker and shorter than those of the 
latter and differ from it in being of a more uniform thickness near 
the two ends, the blossom end frequently being rather tapering. 

Where to either tlie \\ planijolia or the vanillon stigma pollen of the 
other has been applied a very decided modification in the' form of the 
fruit has resulted. This modification is in most instances so decided 
that these fruits can Ije distinguished from the close-fertilized fruits at a 
glance. 

These. conclusions were reached as result of observation and data on 
cross4*s made in 1916. Data taken on crosses in 1917 confirmed the 
work of the preceding season. The accompanying illustrations and 
tables prest'Ut the work of the two seasons. 


Tabi,': I, ~('om{>ariijn vf tht ijirih m^a^urrmenis of the frtrii of Vanilla planifolui 9 X 
V. pUinifolia 


{mils. 


Inchft. 



6‘, 

7 

7 ^ 

7 

7 '; 

7'4 

7 '^ 

7 ‘.‘. 

7 ^^ 

7^4 

H 

8 

8 S 

8’. 

8K 

8?4 

9 

9 

g*4 

9 U 

9 U 

Total . . . 
ATcrage, 


Oirth in 
I Hjcteraths 
of an inch 
I at I inches 
from stem 
md. 


iO 




20 
2 I 

23 

34 

24 

22 

23 

501 
21 . 8 


j Increase or 
I decrease in 
circumfer- 
ence of pods. 


Girth in 
sixtecnihs 
of an inch 
at 1 inch 
from 
blossom 



26 

< 

22 

< 

34 

< 

2 2 

< 

34 

< 

28 

< 

25 

< 

34 

< 

35 

< 

25 

< 

28 

< 

26 

< 

24 

< : 

28 

< 1 

28 

< 

30 

< 

33 

< 

30 

< 

26 

< 

38 

< 

30 

< 

38 

< i 

39 

< 

61,3 

< i 

26. 7 
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In the tables the measurements of are ^iveii in sixteenths of an 
inch expressed as integers for readier comparison. The comparative 
relation of the two girtlis is indicated by the symlxd iKlweeii them. 
" P” indicates V. plant jolui. “V.” indicates sjxvies of Vmiilla of vanilloii 
type, the accompanjang numeral sjxrifying the ]\irtic\ilar variety. V 
13 is a Guadeloupe variety, V 34, V 43, \' 51 , and V 5J are fitun Pmiama, 
and V 62 is from Mexico. 

Table I shows that the typical fruit of /’/dfii/if/io is considerably 
greater in girth at i inch from the bli>ssoin end than at i ' j inelu s from the 
stem end. This difference amounted to jj.4 jhi cent in thes<‘ finits. 
They had been selected to compare in leiigtlr with the erosses. One 
hundred unselected fruits wliicli averaged somewhat smaller than l!ies<‘ 
gave the same relative difference of 19 per ci-iit, o3 showing a gu.itir 
apical girth, with 7 having the two girths e([ual. Ihe hit tor Is true 
chiefly in short, poorly developed fruits. 'Ou st* iiu asiirt iiu iits show that 
the typical, wcll-deveIo|)ed fruit tapers considerably moro at the sli in i ikI 
than at the blossom end. 

Table II shows the diametrically opjxisite developiueiit where 1 ', phttn- 
jolia has been fertilized by vanillon pollen. 'I'he fruits whieli develn|n-d 
from the crossed flowers tapered at the bloss<nn end and were well tilled 
at the stem end. I'lic girth at 1/3 indies froiii tiie stem end me.isiired 
25.1 i>er cent greater than that at i inch fnim liie blossom end. 

T\Bnv 11 ('ovihariuin of pp/' <>/ tlu intif of V ■ 


l.'UK'lJl 
1 f liujt 


e.iitli ill 
MXtdllllll 


« iru'^r lit 
[1 llTlllri- 
<■ ol 


( .lift) in 
r u I (Till h* 
ol .111 mat 
ul I iikIi 
Iftiin 
1.1..' ..Ill 
ml. 


V 

V34- 

V.M-. 

V S 2 . - - 
V 52 ... 
V34-- 

V52... 

V52... 

V 63 . .. 

V 63 . .. 
V53... 
V 34 .- 
V53... 

Vs 2 ... 

VS 3 ... 

vsi... 

V 52 ... 

V 53 ... 

V53.,. 

V 53 ... 


Total... 

Average 


'<‘4 

:(> 



7 

?() 

! 

;6 

7^2 ' 

.-<1 

7b' 1 



38 1 


2i} \ 

i 8 


i 8 

1 37 


30 

1 8.' ; 

36 


30 

8 ’ 4 

30 

9 i 

38 

9 '* : 


. 9^4 : 

32 


554 

27 . 7 


iH 

>>0 

iH 


> 


24 

34 


38 

26 

27 

30 


443 

33 . 2 
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Typical specimens are shown in Plate 3 1 , figures A showing the whole 
fruits and figure B the same with sections made at the lines of measure- 
ments. From left to right the first of the paired fruits shows the develop- 
ment of V. planifolia when close-fertilized, while the second shows the 
results when vanillon pollen has been applied. The sections show that 
many more ovules have been fertilized near the apex of the ovary by the 
V. planifolia pollen, while the vanillon pollen has fertilized many more 
near the base than near the apex. This, difference in location of the 
ovules fertilized accounts for the striking difference in form which results 
from the application of K. planifolia or vanillon pollen to the V. plani- 
folia stigma. 

Table III shows the typical close-pollinated vanillon fruit to be of 
nearly equal average girth at i inch from either end. Of the 54 fruits 
measured the two girths were equal in 12, the apical girth greater in 18, 
and the basal girth greater in 24 fruits. The girth at i inch from stem 
end averaged 0.5 per cent greater than at i inch from blossom end. 


TablH hi . — ('omf>ari.ion of the (jirih meojureinenis of the fruit of vanillon 9 Xvantllon^ 
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Tabus HI - — Comparison of tk* girth nuasurmunis of tkejruUcf iKjwi/lkm 9 Xwhm 7 ' 
ion <S — Coutinucd . 


V43 • 
V43 .. 
V34... 
V 4 i-.. 
V 34 ... 
V34... 

V43 • 

V34... 

V 43 - 

V 34 ... 

V43-- 

V43.-. 

V34... 

V43-.- 

V43-- 

V43-- 

V43-- 

V 43 


ToUl 

Average. 



Giitb is 


tUrth tn 

Length (4 
fruit in 
Inches. 

sixtmiths 

locrrasc or 
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Table IV shows the decided change in form produced by the application 
of V. planijolia pollen to the vanillon stigma. Without exception the 
apical girth of the fruits from crossed flowers was greater than the basal 
girth. The average girth at i inch from blossom end was 28.2 per cent 
greater than that at i inch from stem end. Not only was this relative 
difference ev^lent in the development of the two ends of the crossed fruits 
but while the development of the base of the crosses fell far below that of 
the close-fertilized fruits, the development of the apex in the former ex- 
ceeded that of the latter for the fruits measured. 

Jdate 32, A, shows V 13 fertilized by V. planijolia in the upper row 
with closc-fcrtilized fruits of V 13 in the lower row. Figure B shows the 
same fruits with sections cut at the lines of measurement. These sec- 
tions show the fertil^alit)n in the two ends to be much more uniform 
for the close- fertilized fruits than for the crossed fruits which show a 
heavier fertilization near the apc-x than near the base. 

In Plate 33, A and li, at the right are shown four fruits of 34 from 
blossoms fertilized by V. planijolia. The four at the left are from close- 
fertilized blossoms of V 34. The heavy fertilization of ovules in the apex 
of the crosses is clearly shown. 

In Plate 34, A and B, are shown fruits of V 43, the upper row from 
blossoms fertilized by V. planijolia pollen, the lower row from close- 
fertilizx'd blossoms. The eITtet of the \'. planijolia |X)llen was more pro- 
nounced on this variety than on any other tested, as none of the seven 
crossed fruits showed any ovules fertilized in the stem end, in some in- 
stances none for more than 2 inches fron\ the base, though all showed 
large luiml^ers of o\'\iles fertilized near the blossom end. All of the close- 
fertilized fruits examined, however, showed many ovules fertilized near 
the base, fertilization here being frequently heavier than near the blos- 
som end. In figure B at the top are sliown the middle sections of the two 
fruits at the left in the upper row. The point to which the ovules are 
fertilized is clearly shown, the ovules appearing as black dots. At the 
bottom of figure A the middle sections of the tw'o fruits at the left in the 
lower row show fertilization throughout. 

Plate 35, A, shows longitudinal sections of typical fruits, being from 
left to right y 9 XV<r,V 9 xP(f,P 9 XVcf, and P 9 X P cT . 

The proportions of the V. planijolia and vanillon blossoms suggest a 
possible reason for the difference in location of the o\niles fertilized by the 
two kinds of pollen with the resultant alteration in the form of the fruit. 
At blossoming the difference in the length of the ovaries is slight, but the 
vanillon column is much longer than that of V. pianijoliat exceeding the 
length ot tne latter in some instances by as much as 60 to 70 per cent. 
Plate 35, B, shows a cleared vanillon column and ovary above with that 
of V. f^nijolia below, placed to compare the length of ov^ry at the right 
and the length of column at the left. 
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It sctnis quite reasonable to suppose from the heavy fertili/ation of 
ovules near the apex and sjxirse fertilization or entire absence of fertili- 
zation near the base of the ovary when the vanillon sli^iiui has ba-n 
pollinated with V. planijolia pollen that tlu-se jM^lleii tubes ate unable to 
reach, or reach in only limited luimUTS the ovules in the far end of the 
ovary, which are at a considerably greater distance from the stigma tlian 
the farthest ovules of I lie V. phinif^iia ovary. I'ven in its own ovaiy 
the V. planifolia pollen caiisr.‘S a much lumier fertilization near the ajH-x 
than near the base. This inability of I’, ploni folia ])ollen tubes to reach 
the farthest oviik^ was particularly maiketl wlien I', planifolia poll<‘n 
was applied to V 43, which is one of the largest Howe rod of the vuninon 
varieties. 

The vamllon pollen tulx*s, however, reaeli ovules in the V . plauijol\a 
ovary at a much shorter distance from the stigma than in their own 
flow'cr. Many of these first ovules which the T. polU ii would 

fertilize are left unfertilized l)y the vanillon ;>t>llen, the j)<)llen tulH-s jiass- 
ing by to other ovules which arc nearer tlie noimal distance from si i gum 
to ovary in the vanillon Howvr, and causing a ntneli heavier feit ili/.ation 
in the base of tlie jxxl than would the V . plantFUa {hHUoi. 

This might ixissibly indicate in this instance the necesMiv for a certain 
maturity of development of the pollen tube Ixfore the ovule can be 
fertilized. 



PLATE 31 

A. — Left to right. Vanilla piani/olia, first of each pair close-fertilized, second fer- 
tilized with vanillon pollen, 

B. — Ctoss sections of same fruits. 
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PtATR 32 

A. —Vanitlon No. 13 fnuts, cIo<** and crxjss-fcrtilucd, Ix>wef row close fertilized, 
upper fertilized with pollen of I’ainZ/u pianxfoiia.. 

B. — Cross section of same fruits. 



PLATE 33 

A. — Vanillon Xn. 34: Fruits at right fertilized with pollen of Vanilla phnt/olta, left 
close fertilized. 

B. — Cros>s sections of same fruits. 
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PT.ATK 34 

A. — Vanillon No. 43 fnilts. rpfx-r row fertilized with pollen ot 
lower tow close- fertilized. 

B. — Cross sections of same fruits. 



PLATE 35 

A. — Laagitudinal sections of vanilla fruits. Left to right: Vanilkm, pistillate, 
X vunillon, starninate; vanilton, pistillate, XVanilla stanunate; Vanilla 

plani/olia, pistillate, X vanillon, staminatc; Vanilla planifolia, pistillate, X Vanilla 
plani/olia, starninate. 

n. "Comparative length of cleared columns and ovaries. Vanillon above, Vanilla 
plani/olia below. 
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A BLOOD-DESTROYING SUBSTANCE IN ASCARIS 
LUMBRICOIDES 

IPRBUMINARV PAPER] 

By Benjamin Schwartz 

Zoological Divmcn, B%rtau of Animal InJtutry, IJnitfd StaUs Dtf^artment of i<)ti 

CMlturt 

RELATION OF ASCARIS INF^XTION TO ANKMIA 

The view that parasitic worms secrete toxic substances which are 
absorbed by the host and which are responsible to a considerable extent 
for the symptoms which often accompany parod tic infections, has received 
strong support from exp>erimental work with the body fluids and extracts 
of the various species of Ascaris that parasitize man and domesticated 
animals. Numerous experiments have shown that the btxly fltiids and 
extracts of these worms produce decidedly harmful effects on 8uscejJtii)lc 
animals into which they are injected. While it must be admitted tlial 
the effects of such injections are far more pronounced than the symptoms 
usually exhibited by animals that are knowm to harl)or in their inteslinc*s 
numerous ascarids, experiments of this nature have tlirown considerable 
light on the pathology of Ascaris infection, and have also added to our 
knowledge of the metabolic products of these parasitic wonns. 

That Ascaris may cause anemia is the opinion of various oliservers. 
According to Schiinmelpfennig (9)' and Weinberg and Julicn {14), the 
post^mortem appearance of horses infected with ascaris suggests a 
condition of anemia. As far as man is concerned, a nunilH*r of clinicians 
have emphasized the importance of Ascaris lumhrkoulcs in relation to 
anemia. Thus, Demme (j) reports two ca.scs of grave anemia in 
children, resembling pernicious anemia, which he attributetl entirely to 
the presence of A. lumhricoides in the intestine. In one case death 
occurred, the cause of the disease not having been Tccogntzcd, whereas 
in the second case complete recovery followed anthclrmnlic Ir^tmeiit. 
Frantois (5) cites a number of cases of severe anemia resembling that 
of ancylostomiasis, in which A. lumbricoide^s was evidently the Ci^usal 
factor. Guiart {8) considers Ascaris to be a causal agent m anemia, 
ranking close to Dibothriocephalus and Ancylosloma in ijp/jofUnce. 

> Relcrimf by number (Mir) to "l.iur-n.ft ril«S, * ^ 
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In view of the apparent importance of Ascaris as a cause of anemia, 
the possible relation between the secretions of the parasite ‘ and the 
anemia of the host has a high degree of practical interest. Certaun 
investigators, notably Schimmel pfennig (9) and Flury (4), attribute 
hemolytic prowrties to the body fluids of Ascaris. Flury states, in 
fact, that the excretions of Ascaris when kept in vitro are hemolytic, 
and inclines to the view that anemia may be caused by the absorption 
of toxic substances produced by the worms. Weinberg (/2, i j), Whipple 
(z^), Alessandrini (/), and several other investigators, on the other 
hand, deny the presence of hemolytic substances in Ascaris and state 
quite emphatically that blood corpuscles of the host in contact with 
extracts of the worms remmn intact. Recently Shimamura and Fujii 
(;o), in a report of experiments with extracts of Ascaris on various 
animals, state that alcoholic and ethereal extracts of the parasites are 
hemolytic, but that watery extracts of the body substance of the worms 
previously freed from the ether and alcohol soluble portions produce no 
effect on red blood cells. 

SCOPE AND SUMMARY OF !• XPKRIMENTAb WORK 

For some lime past the writer has been studying the problem of the 
possible absorption of toxic products by animals harboring ascarids. 
In this work A. lumbricoides of swine, ^ of which an abundant supply is 
easily obtained, has been utilized. The experiments, the results of 
which are briefly summarized in this paper, were undertaken with a 
view of determining (i) whether the body fluids of the parasites are 
hemolytic, (2) whether the excretions of the worms kept in vitro contain 
blood-destroying substances, and (3) the relation which may exist 
between the anemia of ascariasis and the absorption by the host of 
toxic substances produced by the parasites. Sufficient data have 
already been accumulated to warrant certain conclusions, as follows: 

(1) The body fluid of .1. lumbricoides taken from worms shortly 
after their removal from the host is not hemolytic to the washed eryth- 
rocytes of swine, cattle, sheep, rabbits, guinea pigs, and rats. 

(2) The fluid from worms which after removal from their host are 
kept alive in salt solution for a few days acquires hemolytic properties. 
Fluid from worms kept in vitro for 24 hours is only slightly hemolytic 
if at all, but fluid from worms kept under similar conditions from six to 
eight days is decidedly destructive to the red blood corpuscles of swine 
and sheeft^ 

(3) The hemolytic property of the fluid is thermostabile and is not 
destroyed by boiling. 

* SrvenU invotlfatcn tuv« shown Out the fluid and extnets oi human, hursc. and swine aKaris have 
indisUnsuishabk dionkal and phyiiolocical properties. 

* Ascaris of twine U also referred to as A ream i««« In order todistimniish it iron the form whkb pan- 
sitizes HUB. The two lonns are norpbolocicalhr hsdisUatvishable. however, so far as our present knowh 
cdfe coca. 
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(4) ^cre appears to be an inverse relation between the heinolytio 
property of the fluid and the presence of oxyhemoglobin in it. Vluid 
from fresh worms contains oxyhemoglobin and is nonhemolytic. When, 
however, the worms are kepi alive lu vitro, the oxyhemoglobin dis- 
appears from the fluid and can no longer Ik* dettvled, by siiectm- 
scopic examination one week after the worms have Ik\h reuKAcd from 
the host» Meanwhile the fluid becomes hemolytic. W liether oxyhemo- 
globin in itself is the sole factor in the inhibition of hemolysis or whether 
other substances are involved which are associated with the oxyhemo' 
globin and disappear simultaneously with it has not lx*en di teruiined, 

(5) Salt-solution extracts of the worms made by grinding up ^ to lo 
gms. of the fresh body substance of the parasites and susixiiding it in 
100 cc. of an 0.85 jxr cent solution of sodium chlorid are hemolytic 
to the washed erythrocydes of swine and other mammals, the hemo- 
lytic potency of the extracts varying directly within certain limits with 
the duration of die extraction. The reaction is indeixndeiit of the 
acidity of the solution, since it is not imjiaireil by iieutrali/aiion. 

(6) Extracts of dried worms in an 0.K5 jkt cent solution of s^xliuin 
chlorid are decidedly hemolytic lo tlie red corjmsclcs of various animals 

(7) Salt-solution extractsof the intestine of the worm are more drsft na- 
tive to blood corpuscles than extracts of tin* Ixxly wall, of tlu* rr jirn- 
ductive organs, or rjf the entire worm. 

(8) The various salt-solutimi extracts also tlo not lox* tluii lu mo 
lytic properties on boiling. 

(9) The addition of blood serum to tulns containing :i mix line of 
red blood corpuscles and liody fluid or extract of tlie wmms usually 
inhibits hemolysis. 

(10) The hemolytic pro|>erty of the fluid and of extnuds of the ^v^)^ms 
can also be destroyed by the addition of a small (juanlily of lakcd bhxxl. 

(11) Excretions of the worms absorfx^d by the solution of vKliurn 
chlorid in which the parasites are kepi in zitro are not hemolytic. 

CONCLUSIONS 

The failure to demonstrate hemolytic principles in the excretioas tif the 
W'orms when kept in vitro appears to favor the view that the hemotoxic 
substances of ascaris partake of the nature of endotoxins. There is alsri 
to be considered the possibility that the death of a worm in the intestine 
may be followed by a rapid disintegration of its tissues and the Jilxrration 
of toxic substances before it passes out of the body of the host, Tallqvist 
(//), in fact, has shown in the case of another parasite (DiboUf^t.ph<Uus 
lotus) that the toxic substances are liberated only when the worm disin- 
tegrates, which affords a possible explanation why DibothriocephaJus 
sometimes produces no ill effects on its host, whereas in other instances 
a severe anemia is present. The fact that in some cases human beings 
•and other animals infested with ascarids remain in apparent gt/wl health 
106643 ®— 19 3 
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while in other cases they show evidences of suffering from such infestation 
may [x;rhaps be explained in much the same way as the differeoces 
obsrr\cd in cases of infestation with Dibothriocephatns. 

The inhibitory effect of the serum on the hemolytic action of the body 
fluids and extracts of the worms appears to be a direct negation of the 
view that anemia of animals harboring ascarids is due to the toxic secre- 
tions of the worms. It is necessary to remember, however, that a reac- 
tion in v%vo may be \ ery different from a reaction in vitro. 

Apart from the question of anemia as a result of the absorption of toxins 
produced by Ascaris, there is the question of anemia as a result of the 
direct abstraction of bl<x)d by tlie parasite. The opinion that Ascaris is a 
bloodsucker has been expressed by Schimmel pfennig (p), who based his 
view largely on the fact that tlie body fluid of ascaris contains oxyhemo- 
glohin, the semree of which presumably is the blood of its host. The view 
that Ascaris may suck bl<x>d is supported by the structure of the 
mouth parts of the parasite and the lesions observed in the mucosa of 
intestines of animals harboring ascaris. 

It should be it^incmbered that ascaris is provided with strong chitinous 
lips, denticulated along their edges. That such buccal armature could 
succeed in lacerating the smaller blood vessels of the intestine is by no 
means improi)able. Hlanchard (2) states that there can be no doubt that 
A. {umbricoidc^ biles the intestinal mucosa. Guiart (7) has shown that 
A. amoct'phala is often lirmly attached to the mucosa of its host; he also 
states that I^roux found wounds in llic intestinal mucosa of man resem- 
bling punctures which were aj)parently produced by A. hnnbricoidci. 

Triedl)crger and Krdhncr (A) state that the intestinal mucosa of dogs 
harlxmug ascarids often shows evidence of jnmctiires. 

The above observations, coupled with tlio presence of oxyhemoglobin 
in tlie worms, a substance whicli apparently is constantly being excreted 
liy the parasites (to judge from their liehavior in vitro) and which conse- 
quently must bo as constantly renewed, appear to favor the view that 
Ascaris probably supplements its finid intake by sucking blood from time 
to time. The hemolytic substance wliich is particularly abundant in the 
intestine of the worms apparently serves the purpose of liberating the 
oxyhemoglobin from the corpuscles stmic of which passes into the body 
fluid of the parasites. I n this connection it should be recalled that Ascaris 
is ricli in iron and that this substance enters in considerable quantity into 
the conijxisition of the eggs i^Schimmelpfennig, 9). The significance of 
the oxyhemoglobin in tlie body fluid of the w'orms is not well understood. 
Whetlier it merely rejiresents a by-product in the metabolism of the w'orm 
and is always excreted as such, or whether it may also first be broken 
down into simpler compounds with tlie retention of some of the iron by 
the tissues of the parasite, still remains to be answ'ered. UTiether or not 
oxyhemoglobin fulfills an important function in the life processes of the 
worm — perhaps in oxidation — is another question to be solved. In this 
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connection it is interesting to obsen e that coincident with the disappear 
ance of oxyhemoglobin from the worms m vitro they bea^nic sluggish, 
and that their existence after the cx)mplete elimination of this substiuia* 
is very brief. 
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